The effects of sublethal concentrations of a variety of chemicals on the susceptibility of rainbow trout (Oncorhynchus mykiss) juveniles to Saprolegnia parasitica infection was examined. Sublethal concentrations of un-ionized ammonia (0.05 mg/liter) and nitrite (0.12 mg/liter) increased fish susceptibility after 10 days of exposure to the toxin, this increase being higher for ammonia (75% and 20% morbidity) than for nitrite (20% and 0% morbidity, respectively) with inoculum doses of 1.4 x 106 and 9. Infection is normally restricted to the superficial tissues, resulting in a breakdown of the fish osmoregulatory mechanism, and unless fish can be treated, the condition is usually lethal. Pickering and Willoughby (22) described some predisposing factors that increased the susceptibility of salmonids to Saprolegnia infection. These factors included sexual maturation, stress, integumentary damage, and evidence of other pathogenic agents. Virtually nothing is known about the process of infection and the characteristics that enable this pathogen alone to successfully colonize live fish.
Mycotic infections with members of the family Saprolegniaceae are widely reported in freshwater fish. Although salmonid fish come into contact with many fungal spores, only Saprolegnia parasitica (sin. S. diclina type 1) and other Saprolegnia spp., characterized by groups of long hookered hairs on the secondary zoospore cyst, have been isolated from fungal lesions on live salmonid fish (23) . Pathogenic Saprolegnia spp. produce an easily recognizable cottonywhite growth on the epidermis of the affected animal. Infection is normally restricted to the superficial tissues, resulting in a breakdown of the fish osmoregulatory mechanism, and unless fish can be treated, the condition is usually lethal. Pickering and Willoughby (22) described some predisposing factors that increased the susceptibility of salmonids to Saprolegnia infection. These factors included sexual maturation, stress, integumentary damage, and evidence of other pathogenic agents. Virtually nothing is known about the process of infection and the characteristics that enable this pathogen alone to successfully colonize live fish.
The presence of sublethal concentrations of toxicants in water have been found to be important factors in the emergence and development of infectious diseases. Many studies exist regarding changes in susceptibility of fish to viral (13) , bacterial (24) , and parasitic (8) diseases after exposure to sublethal concentrations of different toxins. The presence of noxious chemicals at sublethal concentrations in freshwater environments causes physiological alterations which could increase the disease incidence in fish. These alterations depend on the chemical, its concentration, and the length of exposure. Toor et al. (31) found that high levels of organic compounds from different wastes are predisposing environmental factors to outbreaks of saprolegniosis, but, until now, nothing was known about the specific effects of physicochemical parameters on saprolegniosis. Ammonia, nitrite, copper, and cyanide are common pollutants in aquatic environments, and their lethal and sublethal toxicities for salmonids are well documented (1, 6, 10, 17, 29 Infection of fish. After exposure, fish were anesthetized in a 0.03% solution of 2-phenoxy ethanol and wounded by removing 5-to 7-mm2 patches of scales from each side immediately in front of the dorsal fin above the lateral line. Animals were then immersed for 10 min in an experimental fungal inoculum (19, 26) . Pathogen-exposed fish were transferred to an 80-liter glass aquarium with flow-through dechlorinated tap water and maintained 15 days or until the appearance of saprolegniosis. Infections were estimated by the presence of cottony-white patches on the body of the fish. Mucus samples were plated on glucose-peptone-penicillin-streptomycin agar plates, incubated at 20°C for 8 to 12 h (37), and observed for fungal growth.
RESULTS
The water characteristics used in the experiments ( the fungal inoculum used in our experiments was higher, and infection was found at levels 6 and 10 times higher, but only in ammonia-and nitrite-exposed fish. Furthermore, the animals used in our study were immature fish, which have been described as being more resistant than sexually mature fish (22) . The general susceptibility to a disease in animals has been described in terms of mortality rates, but it has been suggested (8) that changes in rates of infection and/or changes in morbidity are more subtle changes and are more important in evaluating the susceptibility to sublethal toxic effects than are mortality rates. Therefore, we studied the morbidity, as the percentage of infected fish, and evaluated the effects of different levels of exposure to sublethal concentrations of four chemicals. In addition, exposure to S. parasitica by scale removal was used to obtain a high percentage of infection (26) .
Our findings revealed higher percentages of infection when fishes were exposed to ammonia. Increases of susceptibility to bacterial infection after exposure to NH3 have been observed in Ictalurus punctatus (24, 33) , which increases of ammonia were associated with bacterial gill disease and other bacterial infections. I. punctatus exposed to sublethal concentrations of ammonia (0.02 to 0.04 mg/ liter) were more susceptible to invasion by Aeromonas hydrophila (9) . The exposure times at these concentrations were correlated with lowered host resistance. Smart (27) found that rainbow trout exposed to ammonia (0.05 to 0.4 mg/liter) for 1 week to 3 months had diminished numbers of erythrocytes, irreversible blood damage, inflammatory and degenerative lesions in the gills, and increased susceptibility to bacterial disease.
Several alterations and toxic effects related to sublethal concentrations of ammonia include gill damage (16, 29) , alterations of the mucous cells (16, 21) , and an enhancement of corticosteroid levels (30) . Infection by Saprolegnia spp. indicated that external mucus renewal was employed as a defense mechanism against the fungus (35) . Mucus production can be influenced by the presence of environmental factors such as stress and pollutants (21) . The effects of ammonia on mucus production are unknown. Possibly, the number of mucous cells in the epidermis remains constant, but the time required for the formation and discharge of mucus by the mucous cells varies under the influence of ammonia (16) . When fish have been infected by a Saprolegnia sp., the fungus destroys the essential waterproofing properties of the skin, and the results are massive osmoregulatory problems (22) . In fish exposed to ammonia, increases in ventilation frequency in an effort to fight against the osmoregulatory problems and gill damage generated by this chemical, are continually observed (16) . Therefore, additional changes in osmotic balance in these fish might also be observed. Once initiated, a fungal infection is also a stress factor (18) . Ammonia exposure increased corticosteroid levels (3, 30) in fish exposed to sublethal concentrations. Several of these factors could be involved in the high percentages of infection observed in ammonia-exposed fishes.
Some well-documented effects of nitrite exposure are changes in electrolyte concentrations in plasma as well as the production of methemoglobinemia, hematological consequences of short-term nitrite exposure (34) . In addition, corticosteroids released into the circulation after nitrite exposure (3), or after fungal infection has been initiated (18) , can lead to an electrolyte imbalance (as a secondary effect of stress) that could be additive to the toxic effects of nitrite exposure.
Saprolegnia infection of fish exposed to copper and cyanide was not observed, although the exposure times and fungal doses were twice those of the experiments with nitrogen compounds. The effects of sublethal copper concentrations on the increased susceptibility of fish to infection appear to be dependent on the concentration of copper as well as on the length of time the fish are exposed to the metal. In addition, it has been found that 0. mykiss exposed for 24 h to 0.01 mg of total copper per liter showed an increased susceptibility to Yersinia ruckeri infection (14) . Infections increased after 48 h of copper exposure, but by 96 h of copper exposure the fish had begun to lose their susceptibility. Similar results were obtained (13) when rainbow trout were exposed to sublethal concentrations of copper (0.01 mg/liter), whereupon a 24-h exposure had a bigger effect than a longer exposure (9 days) on the increased susceptibility of rainbow trout to the infectious hematopoietic necrosis virus.
Our findings were in agreement with these, and no infection was found after 21 days of exposure at 0.05 mg of copper per liter. Increases and decreases of corticosteroids were registered (5) when Oncorhynchus nerka was exposed for 24 h to concentrations of copper and water quality similar to those used in our experiments, indicating that the fish adapted to these conditions. Thus, changes in copper levels could affect, depending on the exposure time, the immunosuppressive effect of corticosteroids (20) . The result could be either an increase or decrease in susceptibility to the disease, in spite of the direct toxic effect of copper on osmoregulation, as has been described (11, 12) . The effects of cyanide on changes of fish susceptibility to infectious diseases have not been well documented. Cyanide is essentially an inhibitor of oxygen metabolism, rendering the tissues incapable of exchanging oxygen (6) . At sublethal concentrations (0.01 to 0.042 mg/liter), it produced physiological changes such as reduced growth, altered respiration, and some degree of hepatic necrosis in juvenile rainbow trout (4, 15) . A progressive acclimatization to this pollutant has been observed; after exposure of juvenile rainbow trout to 0.02 mg of HCN per liter for 21 days, an early depression of growth occurred, followed by an increase in growth rate by the end of the experiment (28) . When juvenile rainbow trout were exposed to 0.01, 0.02, or 0.03 mg of HCN per liter, increased respiration rates were observed at 1 to 4 days after exposure, which gradually decreased at 5 to 6 days (4) . Possibly, acclimatization occurred, and this toxic concentration did not affect the susceptibility to the disease.
Our experiments confirm that specific toxicants (ammonia and nitrite) predispose fish to saprolegniosis. These effects might explain the results of Toor et al. (31) that a high organic load was a predisposing factor to an outbreak of saprolegniosis. Considering the relationship of organic matter to the accumulation of ammonia and nitrite in the water by the biological degradation of nitrogen-rich products, we might conclude that high ammonia and nitrite levels found in fish farms due to inadequate water renovation, insufficient cleaning, or very high fish density increase the risk of saprolegniosis. 
